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.StM4AEY' ’ " 

On. the basis of a racenbij developed theory for sweptback vines 
at supersonic velocities^ e<luationg are derived for the vave drag of 
sveptback tapered -wings -with thin oymetrical double-wedge sections 
at zero lift. Calculations of section vave -drag distributions and 
wing -wave drag are presented for families of -tapered plan forms. 


Distributions of aectlcjn -wave drag along the span of tapered 
•wings are, in general, very similar in shape to those of untapered 
plan forms. For a given taper ratio and aspect ratio, an appreciable 
reduction in -wing -^Tave-drag coefficient -with increased sveepbaok is 
noted for the entire range of Mach number considered. For a given 
s-vreep and taper ratio, hi^ep aspect ratios reduce -the -wing -wave- 
drag coefficient at substantially s-ubcrltlcal sup^'sonic Mach nvanbers. 
At Mach numbers approaching the critical value, that is, a -ralue eq.ua! 
to -the secant of the s-^reepback angle, the plan foro^ of low aspect 
ra-tio have lover drag coefficients. . 


Caloulatlons for -vdngs of equal root bending stress (and hence 
different aspect ratio) indicate that tapering the -vd-ng reduces the 
vine -vsve-drag coe’ffiGient at' Mach numbers considerably less than 
the critical value but increases the drag coefficient at I<fech n^3mberB 
_near -the critical values. Comparisons on the basis of constant aspect 
ratio, ho-v?ever. Indicate an increase of the -jri.hg wave-drag coefficient 
-with taper at Mach numbers considtsrablj'- less than the critical value 
and a decrease of the drag coefficient vl-fch taper at Mach numbers * 
near the critical value. • • 


INTRODUCTION 


Recent developments in airfoil theory for stipersonlc speeds 
(refSSifences 1 and 2) indicate pronounced favorable effects of s-vraep- 
back on the -wave drag. In reference 1, a' method is developed for 
calculating pressure drag at supersonic speeds for s-weptback airfoils 



having thin sections at zero lift. Reference 3 applies this method 
to calculate the supersonic wave drag for a series of untapered wings 
with s:nfflaetrical biconvex airfoil sections. 

T]ae present paper applies the method of reference 1 to derive 
the generalized equations for the section \jave drag and wing wave 
drag of sweptbaclc tapered -vdngs with thin symmetrical double-wedge 
sections at zero lift. Section mva-drag distributions and wing 
wave-d3:‘ag calculations are presented for specific families of “tapered 
plan forms. The airfoil sections and -5d.ng tips are chosen parallel 
to the direction of flight. The angle of sweepbach is referred to 
that of tho line of maximum thickness, and the range of Mach number 
considered is between 1 and the critical value corresponding to tho 
condition where the Mach lines are parallel to the maximum-thickness 
line, that is, to a Mach nunmor eq,ual to the secant of the swepbaefc 
angle . ■ ' - ' . 


SYMBOLS 


X, y, z -Cartesian coordinates 
V ‘velocity in flight direction 

p density of air 

Ap Jd-es sure' increment 


qt, ■, dynamic pressure ' 

cp ' dlstirrbance -velocity potential 

M Mach number 

3 = 1 ' ' ' -- - - - = : 

dz/dx slope of airfoil surface- 

a root semi chords measured in flifj^t direction 

c chord length at apanwlse stati«ti measured in flij^t 

direction . ■ 

maximum thickness of section at apanwise station y 


t 
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A 

“O 

% 


angle of sweep of -bhe line of jnaximvan thiclmess, degrees 
slope of line of maximum thicfcaess (cot A) 

slope of wing leading edge ' 


“2 

-d = ^ 
“0 


"^ip 


Cp 




tip- 


slope of wing ti'ailing edge . 
span of wing 


mimo 


- “0 


wing anea • 
aspect 


ratio ^ 


if 

S 


taper ratio, ratio of tip chord to root chord 

section wave-drag coefficient at spanwise s-fcation y 
exclusive of tip effect 

increment in- section tave-drag coefficient at spanwise 
station y . due to tip. 

section -trave-drag coefficient at spanwise station ; y 
(“«» * %ip) ■ ■ 

■vdng -srave-drag coefficient exclueive of tip effect 

increment in wing wave-drag coefficient due to tip ; ’ 


. Cp' wing mve-drag coefficient ^Cp -j- 

Suh script , s refers to conditions at root 
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ANAiySIS 


mOA IN Jfo. 


The amJysls ,1s based on supesrsonic thi]>-airfoil theory and on 
the assumptions of small disturbandes and a constant velocity of 
sound throughout the fluid. These assumiptxons lead to the linearized 
equation for the velocity potential q) (reference 4) 



where M is the Ifech number of the flow and the derivatives are 
taken with respect to the variables x, jj and z of the Carteslaa- 
oooriinate system. It^should be noted that the linearized theory 
is not expected to be applicable near llach number unity. On the 
basis of this linearized theory^ a solution for a uniform swept— 
back line of sources in the pressure field is derived in reference 1. 

The pressure field associated with this solution corresponds to 
that over an .airfoil of wedge section. The pressure . coefficient 
Ap/q at a spanwlse station y and point x along the wedge is 

^ 2 ^ ooah“^^-r-P^Ji^.. (2) 

- q n dx Ply -mix] ' 

where Is the slope of the leading edge of the wl.ng, dz/dx is 

the tangent of the half-wedge angle (approx, equal to half-rvedge- 

angle-sine e the angle is small) j p = y - 1 and the origin of 
the line source is taken at (0,0)* 

The distribution of pressure over sweptback wings of desired 
plan form and profile is obtained by superposition of wedge— type 
solutions. In order to satisfy the boundary coMitlons over the 
surface of a tapered wing of symmetrical doublej-rwodge section, semi— 
Infinite line sources are placed at the leading and trallliig edge of 
the wing eind a semi— infinite line sink of twice the strength is placed 
along tho.llne of maximum thickness so that all three lines' intersect 
at one point. At the tip where the wing is cut off in the flight 
direction, a reversed distribution of those lines of sinks and sources 
are placed so as to cancel. exactly all effects of the original distribu- 
tion farther spanwlse than the tip. Figure 1 sheva the distributions 
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of sinta3 and som’ces for a tapered, wing and ii?.sntifiep the system 
of axes and the symbols associated with the derivation of the drag 
equations. ■ 

The disturbances caused by the elementary line sources and 
sinlcB are limited to the regions enclosed by their Mach cones . 

Figure 2 shoTO the Mach lino configuration for the tspered-wing 
plan fo3rm and indicates the regions of the wing affected by each 
line source and sink. For purposes of siD^lification the tapered 
wings considered ware restricted to those with no tip effects other 
than the effects each tip exerts cn its o-vn half of the wing. For 
a wing of taper ratio 0, no tip effects need be considered since 
the Mach lines originating at the tip do not enclose any part of the 
wing. 


The pressure coefficients obtained from superin^osing solutions 
of the type shown in eq.iiation (2) are converted into drag coeffi- 
cients by the following relations: . 

For section drag at a spanwise station y 



o^c = 2 


T Trailing edge 

Ap dz 
q. dx 

y leading edge ' 


dx . 



■idlers 


y(m^ - mgj + 2amjm2 

O a — 


is the chord length at y, and the integration is performed along 
the chord." parallel to the flight direction. ' ■ 
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The- wins wave-drag coefficient is phtelned. by integrating the 
section drag along the ej>an and. dividing the r eeult by the wing 
area » 


p Tip 


pTip 


PT.E. 


C-r, = - 

iJ .CJ 


c,c dy- = 


jEoot 


uBoot. yli.S. 


Ap dz 
a <ix 


dx dy 


( 4 ) 


tiAiere S is the -wing area, ancL the integraticsn with respect to y 
is performed along the span. 


DERIVATION OE GENERALIZED EQUATIONS 


By superposition of vedge-type solutions (eq.uatlan ( 2 )), the 
presaure field is obtained for a tapered wing with loading edge, 
trailing edge, and line of maximum thickness sweptback. The drag 
equations are desrived for half of -the wing since the drag is distri 
buted symmetrically over bo-th halves. The induced effects of -the 
opposite half -wing are represented by the conjugate terms in -fche 
integrands of the d>^ag integrals. 

Eor a symnetrical double-wedge profile. 



where t/c is the section tlUckjiess ratio. The generalized equa- 
tion, exclusive of tip effects, for the -vTlng wave drag is obtained 
as follovTSi (See fig. 3 information pertinent to integration 
limits , )• 
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■where A, B, and. C ref^ to the prossiires res\ilting frcsn the leading 
line sota-ces, line sinks and trailing line som'c.es, respechirely . 



oosh ^ 


2 

X + a + y 
P|y + m^x + arij^ 


- , , X -}■ a - BinpV 

+ cosli. — 

P y - m^x - arijl 


X + iboPS' 

B » cosh — + cosh 

P}7+mo^j 


X - aj Qp^'- 
P|y - hIqX 


,1 X - a + Biopsy _i X ~ a - mcP^'y 

C a cosh + cosh 

p 7 -i- mpX arv> 3 7 “ iiv>3c + eJUg 


The Uniting case (■taper ratio O) is obtained by letting d =» ^ 

- > ‘ - Mq - B!3_ 

and the ■s^lng of ccaistant chord (taper ratio l.O) is obtained by 
equating - Bq = bIq* 5h® integrations In equation (5) are per- 
formed and the resulting formulas for the section wave di'ag and the 
■vdng wave drag for the complete range of convcsntlonal taper (O S ■taper 
ratio S 1*0) are presented in appendix A. 

It ■irae stated previously that ■the tapered ■vri.ngs considered have 
no tip “effects other than those each tip exerts on its ©■in half of 
the ■wing. This iiaplies that the Mach lines from one tip do- not 
enclose any part of the opposite half -■wing. This condition is 
expressed mathemt^tically as follo-ws; 


For pJHg ' 5 1 

Aspect ratio 

Pmg > 1 


SdsiQ 


2mjm^ 


a(l + \) (l + X ) (PmjmQ -4- jdq — ^l) 


(6a) 


2dmQ hniT 

Aspect ratio = — — - — «— ^ ^ — -f— — 

a(l -i-.X) (1 ■+ ^-)(1 + 


(6b) 


and for 
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\ 

■where X Is the taper ratio { — ). It can he seen from 

^ \Epot chord/ 

eq.iiations (6) that this simplification does not materially limit the 
range of Mach number that may he considered. For small taper ratios 
this limiting effect is negligible aiid for "baper ratio 0 there is no 
liiaj.tatlon ^Aiatsoever since equations (6) reduce to expressions that 
are al'wayB valid. 

The -wave-drag contribution of the tip is (see fig. 3 ) 


icSC^ 


tip 


S(t/c)^ l+(t/c)' 


m. 


dmo 


Cd^,. c dy^ 


dm(^( l+pm3_ )-2am3m2 


i|l - 


m2_(l+Pm2') 
n du^ 

dmQ^( l+pm^ ) -am^mQ 


“0 

dmo ( 1+Pi“i ) "J®! ( ) 


D dx dy 


dm© 


m3_(l+Pmo) 

y+amg 
m2 


“^1 


dmo^( l-i-^m^ ) -amimo 


mTL(l+pmo) 




D dx d^'- 


mo 


dmo^ ( 1+Pmi ) -amimo 


mi 


l(l+P®o) 
dmome (l+Pm;j. ) 


mi(l+Pm2) 


m2 

dmo(l+Pm3_)-mn^(a+Py) 


D dx dy 


mi 


2mo 




Idmo 

dm2 ( l+PH^i ) "SiQg 


1+Pmg 


y+amg 


E dx dy 


d(l+Pmo)“py 


(T) 
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vhere D and E refer to the pressures resulting frcaa the leading 
line sink and line source, respectively. 


D = cosh"^ mi(x + a) - amp - ini^|3^(y - amp) 
’ , y “ + a)] 


E a cosh 


-1 X - d - P^mo(y - daiQ) 
• Pjy - ejqx| 


The Mach cone from the trailing line sink at the tip' does not enclose 
any part of the wing and, hence, has no effect on the ■wave drag. 

E<iuatlan ( 7 ) is solved for section vave drag and wing wave drag 
for the complete range of taper and, the results are presented in 
appendix B, The total wave-drag coefficients are then obtained by 
the following relations: 






i 



+ Cd 


tip 



(8) 


It is found that On 

'^tip 


is identically egual to zero for all 


cases satisfying the aspect -ratio limitations expressed in eq.ua- 
tioTiS (6) and, hence, Cp = Cp for the tapered vings considered. 


The conditions inposed in eq,uations (6), althou^ not materially 
limiting the grange' of &ch number for' tapered irings, do limit to a 
certain extent the range of Mach number for low-aspect -ratio wings 
of constant chord. Eq.uation (6a) for this case reduces to 


Aspect ratio 



since 


=•■ ®0 
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For untapered wings of aspect ratio 2, .1, and 0-5, the ^lowest 
Mach nuffihors that can he considered without talcing into account 
additional tip effects are 1 .. 118 , 1.414, and 2.236, respectively. 

It is desirable, therefore, to .take into consideration for untapered. 
plan forms the induced effects of the opposite tip ■rfien the Mach 
lines from one tip enclose parte of the opposite half~-wing. Figure 4 
showB the Mach line configurations for these induced effects, and the 
drag equations ^e derived in appendix C. The wing wave-drag coef- 
ficient is then obtained from equation (8) ^ere these 

cases includes the effects Induced by the opposite tip. ■ - . 


EESUIdlS AND DISCUSSION 


Calculations were made for families of tapered plan forms, each 
family characterized by a constant s^reepback of the maximum-thickness 
line. The plan forms were obtained by coixsldering the moment of the 
area about the root chord divided by the cube of the root chord to 
be constant for any given family. The aspect ratio varies with 
taper ratio because of this area -moment parameter. 

For a constant thickness ratio the parameter, area moment 
divided by the product of the root chord and the square of the root 
thickness, is also constant, This condition is intended to iB^ly 
that to a first approximation the root bending stress is the same 
for all members of any family having the same thickness ratio. A 
representative family of tapered plan forms and aspect-ratio varia- 
tion with taper ratio is shoijn in figure 5. 

Section wave drag .- Section wave-drag distributions for wings 
of taper ratio 0, 0-5, and 1.0 are presented in figures 6 to 10 for a 
Mach number of 1.4l4 and s\7eepback of 6o°. The distributions of 
section -vrave drag of tapered T-rings a.re, in general, very similar to 
those of untapered plan forms. As a point of interest, the induced 
effects of the opposite half -wing an&. the iip-effect distribution 
are sho\ai in figure 10 as separate curves. The total section wave- 
drag distribution is then obtained by adding the tip drag curve to 
the solid-line curve. The tip effect is placed correctly as shown 
for a wing of aspect ratio l.Oj for a wing of aspect ratio 2, this 
tip drag distribution should be shifted 1 semichord to the rl^t. 

It is seen by reference to figure 5 that figures 6, 8, and 10 
(fig. 10, A = 1) are section mve-drag distributions for one* family 
of wings and that figures 7, 9, and 10 (fig. 10, A = 2) are for 
another fa3^iily of wings ■vdiose aspect ratios are twice as large, 
respectively. 
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11; is interest i3ig to note at this point that for a given Mach 
nuraher the section wave-drag coefficient at the root is a fianction 
of the sweep of the ina3:lm\m- thickness line only; the terms involving 
leadlngs-edge sweep adding up. to zero. (See section drag e<i'jatlon 
in appendix A for y » 0 . ) . 


Wing^vave drag .- Typical variations of wing wave -drag coeffi- 
cient wltli Much number for wi-ngs of taper ratio 0 and taper ratio 1.0 
of the same family are shown in figures II., 12, and 13 for 50 °, 6o°, 
and 70° sweephack; respectively. At some Mach number between 1.0 
and the critical value (M<jj;.itical = eec A), the drag curve for the 
tapered wing has a discontinuous, slope. This discontinuity occurs 
at that Mach number corresponding to condition -sdiere the rear 
Mach line crosses the trailing edge of the wing, that is, where 



1 ani - Mo 

BI2 

r- 



In this region and near the critical Mach number (p « the 

\ MO/ , ■ 

theory is not expected to be applicable beoaimie the assumption of 
SDHll dj.sturbances is violated, but the results az-e presented in 
order to give a more complete picture-, of the linearized theory. 

It is seeii from figures 11 to- 13 that taper rediices the wing 
wave-drag coefficient at Mach numbers substantially below the 
critical value but Increases the drag coefficient at“14ach numbers 
approaching the critical value. This trend is similar to the- one 
shown by the effect of hl^ aspect ratio on the rave-drag coeffi- 
cient of -vTlngs for a' given taper ratio. It must be remembered 
that for the families of tapered wdrige considered in these calcula- 
tions, however, the wings with greater taper have higher aspect 
ratios and, hence, ’ the effects of aspect ratio as well as taper 
are inclvxded in this trend. 


Variations of wing rave-drag coofficlent with taper ratio for 
different sveopback ai;igl 0 S at & Mach nuiabez’ of 1.2 are shown in 
figure .14. The untapered \ring for this family has an aspect ratio 
of 1.0 and the variations of aspect ratio \rt.th taper ratio are 
pi’esanted in tabular form in the figure. For a given sweep angle, 
the wing of taper ratio 0 has the lowest drag coofficiont and the 
untapered wing the hipest. As the Mach number approaches ■ the 

critical value (p =« •— this trend would reverse itself and the 
\ “0/ . ; 
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^^ntap«red t/ing voui^ hav’d ^ke icrt?©s-fe drag coefficient as can bt 
seen by' reference tb figurob ll to i$.- 'It is also evident from 
figure. lif- that for R tapsi* ratio and aspect ratio, an 

appreciable red'uction in viilg "ViSive-drag coefficient is accoDiplished 
with increased sweeptfeck. 

Figure 15 presents variations of xrfjog vjave-drag coefficient" 
with taper ratio fdr three families df Vri.ngs based on untaperSd plan 
forms of aspect ratio 0*5? afti 2,. respectivel;.- , The results are 
presented for 6o° ewepback and a Mach number of 1*41^1 Pertinent 
details of the wings are presented in tabular- form in the figure to 
facilitate interpretation of the plotted curves. The aforementioned 
trend of reduction in ^ring wave-drag coefficient associated with 
hi^ aspect ratios at Mach numbers substantially below the critical 
Mach nulaber for a given taper ratio is clearly seen in this figure. 
By choosing points along' these curves corresponding to wings of the 
same aspect ratio, it is seen that for e cons-bant aspect ratio ^ 
tapering the wing increases the wing wave-dreg coefficient. By a 
similar procedure it can be shown that for wings of constant aspect 
ratic^ taper rediices t2ie wing wave-drag coefficient at Mach numbers 
near the critical value. The increase in aspect ratio with taper 
ratio defined by the area -moment parametor tlius has the effect of 
offsetting the adverse effects of tep’er at the 3.ower Mach nujiibore. 


COKCL-iJSIOKS 


1. Distributions of section >®ve drag along -yie span of tapered 
wings are, in general, very similar in shape to those of untapered 
plan forms . 

2. The section wave-drag coefficient at the root is a function 

of the Mach number and the sweep of the maximum- thickness line and 
is independent of taper . • . . . . . 

3* The Increment in wing -vrave-drag coefficient caused by the 
tip is identically eq.ua! to zero for all tapered and untapered wings 
for -s-diich the Mach lines from, one tip do not enclose any part of 
the opposite half -wing. 

4-. For wings of eq.ua 1 root bending stress, taper reduces the 
wing wave-drag coefficient at Mach numbers considerably less tlian 
the critical value - that is, a value eq.ual to the secant of the 
Bweepback angle - but increases the drag coefficient at Mach numbers 
near the critical value. 
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5'. For wingB or constant iispect ratio, taper Increases the wing 
wave-dra^ coefficient at. Mach nwi36|ra_'COj^,§(i!i9rQbljr_tel«y the ,crltic?il 
value .and decreases the wing wave-dragfcoeffieieiit at /■iach numbers 
near the critical value. ■ y ■ ■ 

6. For a. given taper ratio and aspect ratio, ,an appreciable 
reduction, in wing wave-drag coefficient -!rri.th increased sweepback is 
noted for the. entire range of Mach number considered. 

7 • For a’ given sweep a’lid taper ratio, higher aspect ratios 
reduce .. the wing wave-drag coefficient .at. subst^tially subcritlcal 
Mach njiabers. . At Mach numbers approaching the critical value, the 
piaii forms, of low aspect ratio have lower drag coefficients. 

The . generalized equations presented in the appendixes may be 
used. to caiculate-the subcritlcal Gupersonic wove drag at aerp^ lift 
fer any conventionally tapered or untapered wing with eymme bridal 
double -wedge .airfoil sections and with leading edge, trariling edge, 
and line of maximum thickness aweptbaok. 

Langle 5 ‘_ Memorial Aeronautical Laboratory ■ ' 

Ne'tlonal Advisor?.’' Committee for Aeronautics . : . , . 

Langley Field, Va . , April 7, 1947 
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APPENDIX A 


EVAIiGATIOIT OF EQUAUflOK (5) FCB SECTION WAYS lEAG AND WING 
WAYS DRAG SXC5LQSIVE OF IIP EFFECTS 3 < i- . 

L"®oJ - 

Section, Dyag for 6 < Taper Patio < 1 


HCjt. c 

09 


h(t/c)‘ 


= A 


for 


0 < y < 


ami 


~ “ 1 - 13m, 


= A + B 


ami aE^j 

< y < 


1 » = 1 * PfflQ 


= A + B C 


amQ garni 

< y < 


1 - Puoq ~ 1 - pmi 


A + B + C + D 


garni amQmi 

< y < 


1 - 3m^ ~ idq * mi 


•vshere 


g 




[y(mo + mi) + ita^mi y(?- + 


roQ 


3 [y(E^ + m^^) + am^yoo] 


,1 1+ 3^1^ y(mi - mo) + -i y{?- " ^ 

- y cosh ^ - iJ- cosh — - — J ±-± — ii- 

23m^ mo 3jy(ii^ -mi) -amimoj 



Smg 


cosh 


y 

(l + m^LJHgP^) 

1 + 2aBg 


y(m3_ + rjg) + 

2amimg] 


2^2 


cosh 


y 

(l- - m^^nigP 

2 'I 
_> 

1 + 2aag 

H 

y(i«g - mj,) 

t ■ 

2amj_ag[ 




I 


•2v -1 1 

cosh 


P 2 

1 - 


gpjrig 




y(mo + fflp) + aBjQSig y(l + momgP^) + arog 

— < cosh ' — — 




p|>(mo -)• mg) + axa^m^] 


-i ^ + “0^P^ y(niO - mg) + amoHig y(l - di^^P^) + am^ 1 

4y cosh + 1 = cosh . 


2PiDq 


“2 


pjy(in2-Db) -aa^ing 


if 
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“in|i L 


+ %) “ aiDo“lJ 


y(x + 

p |y(iDQ + m]_ ) - an3om2_ 


r . -) -1 y(^ " 

+ jy(iBo " ^i) ■' cosii 


p " »o) J* 


C = 




_ I y(Mo 4- Big ) - asi^ I cosh' 

“o\jl “ ■ t’ 


■1 y(^ mQMgP^) - 

p|y(jr^ + Big) - aiDgJiiQ 


r • 1 ^,-1 

+ y(mp - mo) " ®“2^l “t : 

|_ \“2 -u Pjy(mo ■ ^) + 


and 


D = 


ID.j)jl - P^Elg® 


r -. -1 3^(1 ■" ■* Sam^ 


- jy^m-j^ ■*■ ®^2) ” 2a3B^Bi2j cosh'^ 


r(l V mjmgp^) - garni I 

+ mg) - 2amingjj 


P{y( 



l8 _ 








\: 


- 

-Wing Drag for 0 < Taper Ratio <1 _ ,. 


“ If 'T 


«g^co 

8(t/c)' 


= A 


for 


'y ^ j 

.* .J 


; + B .^ ’ /rj . ; ■ 

;■ ■ ; . ..' ' ;: ■. ■ . '{ . 3 . 



AJ •- . . 

. -• 2 


“”1 V,™ <- ^ 


1 

- 4J y if 


Pu\3L 


J. ' 


A + B + C 


■ ' ■ "-' ■'•^’ t; z3BM g *y ^afc. !^ 

2ami 

< ^ 


's*A + B + C*i-D 

N :-. . . ■ ''s 

. - ■•v> 

■where ' .. ' ■ ■:.. 

f 3 

2^„ 2 


.■'.= hD'Va® - -1 d(l- 2V... Q 

\|1 - [^’•rj - Ell 



I - f V 
i2 ■ 


\ 1 ■■ 


- '■ ■ ^) - a) " 

+ ”0^1^ •*• + Q)]^ + anig 

--^;- - 2^(iBp '+1112 ) . ■ 


+ BJ2(d- -r aQ 


1 ' ■ 

i- 

Pbl 

ftoQ + r;j_(a + d)] 

'JUL.1 »• IT- ■■ *. MgSU 

(l + p^aya-j^J 

1 + a 

f 1 


2(ioq + m^) 

“•“' oosn -— 

P| 

+ ai(d - 

t^. 


4 s-^ ■ . -jjji ■ 

^ aa^3_ ’ " 




^EeriSsi^ 


i im.1 
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Dig 




A = 


2a%iQ2m2 


- 2 ni 2 (ii:^ - log (i * 


" ^) cosh 


1 “ 

p(s 3 o - mi) 


IV' .U •.• 

■*' y 




B 


a^liflO 


\ji - “1%^ (“0^ " ) L 

^ 2 ^ " “0“lP 

- cosh 


“b(^ “ “l) i®e \ ^ 


and 
C = - 


P(«b'“ %) 

' ‘ "ir,. ' ^ 


^jme^pS ^ j^2nii - hiq) (mq - lUi) (3mi - mQ ) 


P 

2 ni 2 ^ cos. 


•1 

P“o(“o " “l) 


+ (2mi - mo) (mg " %) cos”^ 


- mg^Smi " ™o) 


+ Dll - mg 

2 pmi(mg - mi) 


For p = - — , UB© A + B plus 

Dig 






2mi' 


3/2 


■ ®0 ( 2 mi - mg)(ng - USm^ - ii^O 


- Dig 



IIACA m Ho, OJAS 


23 


For P = — , use B + C plus O 
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WALUATIOH OP EQUATION (?) FOR a?IP IMCTS < — T 
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Section Drag Increment for 0 <: Taper Ratio < 1 
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•where 
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There is no tip effect -tdiatsoever for -fche wing of taper ratio 0, 
and the increment in -wing -wave drag caused by the tip is identically 
eq.ual to zero for all cases satisfying these aepect-ratlo limitations. 
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The lover limit fear y is changed to 0 in the first integral 
of case in and the resultant espression for -the drag is 
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Case V 
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All four loTTer limits for y ' are changed' to 0 in case XU. 
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Figure 1.- Ssrtnbols and distributions of sinks and sources for a tapered wing. ^ 
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Figure 2. - Mach line configuration for a tapered plan form. 


I 


il 


. NACA TN No. 1448 




Figure 3.- Information pertinent to integration limits in equations (5) and (7) . 
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Fipire 4.- Additional tip effects for wing of constant chord (taper ratio 1.0) . 
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Figure 5.- Family of tapered plan forms used for calculations. Plan forms shown have 

same area. 
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Figure 7.“ Section wave-drag distribution for wing of taper ratio 0. Mach number, 1.414 

aspect ratio, 6,92; sweepback angle, 60'^. 
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Figure 9.- Section wave-drag distribution for taper ratio 0.5. Mach number, 1.414 

aspect ratio, 3.26; sweepback angle, 60*^. 
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Figure 11.- Variation of wing wave-drag coefficient with Mach nuniber. Sweepback angle, 50°. 
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Figure 13.- Variation of wing wave -drag coefficient with Mach number. Sweepback angle, 70°. 
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Figure 14.- Variation of wing wave-drag coefficient with t^r ratio for different sweepback angles 

Mach number, 1.2. 
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plan forms. MachnumlDer, 1.414; sweepback angle, 60°. 







